The hydrophobic motif of ROCK2 requires association with the N-terminal extension for kinase activity.
ROCK (Rho-associated coiled-coil kinase) 2 is a member of the AGC kinase family that plays an essential role downstream of Rho in actin cytoskeleton assembly and contractility. The process of ROCK2 activation is complex and requires suppression of an autoinhibitory mechanism that is facilitated by Rho binding. ROCK2 harbours a C-terminal extension within the kinase domain that contains a hydrophobic cluster of phenylalanine and tyrosine residues surrounding a key threonine residue. In growth-factor-stimulated AGC kinases, the hydrophobic motif is important for the transition of the kinase from inactive to active complex and requires phosphorylation of the conserved serine/threonine residue. Less is understood about the contribution that the hydrophobic motif plays in the activation of ROCK, and the role of the hydrophobic motif threonine at position 405. In the present study, we show that this residue of ROCK is essential for substrate phosphorylation and kinase domain dimerization. However, in contrast with the growth-factor-activated AGC kinases, a phosphomimetic residue at position 405 was inhibitory for ROCK2 activity and dimerization. A soluble hydrophobic motif peptide allosterically activated ROCK2 In vitro, but not the equivalent peptide with Asp(405) substitution. Mechanistically, both ROCK2 activity and dimerization were dependent upon the interaction between Thr(405) of the hydrophobic motif and Asp(39) of the N-terminal extension. The reciprocal exchange of these residues was permissive for kinase activity, but dimerization was lost. These results support the rationale for development of small-molecule inhibitors designed to block ROCK activation by selectively interfering with hydrophobic motif-mediated activation-state transition and dimer formation.